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[ Claims ] 
[ClaimlJ 

A metnod for manufacturing propylene oxide, which is characterized by the feet 
that a reaction of propylene, hydrogen, and oxygen is brought about using a catalyst 
comprising a Group VTH metal from the periodic table and a crystalline dtanosUicaie. 

[ Detailed Description of the Invention ] 
[00011 

[ Field of Industrial Utilization ] 

The present invention concerns a method for inanufecturing propylene oxide, 
which serves an important role industriaily as a starting material for polypropylene 
glycol and the like. 

[0002] 
[Prior Art 1 

Known methods for manufacturing propylene oxide include the cMorohydrin 
process, wherein calcium chloride is produced as a byproduct, the Halcon process, 
wherein t-butyl alcohol and styrene monomers are co-produced, and a peracetic acid 
process, in which acetic acid is co-produced. 

[00031 

A method wherein a hydroperoxide is used as an additional startmg material and 
a crystalline titanosiucate is used as a catalyst is also known (see, for example, US 
Patent 4,533,260). 

[00041 

[ Problems Which the Invention Is Intended to Solve J 

However, in the above-mentioned chlorohydrin process, the chlorine was 
utilized inefficiently since dehycirochlorination with a lime emulsion was subsequently 
performed, and the large amounts of calcium chloride produced as a by-product 
required treatment. In the Halcon and peracetic acid processes, an assured market for 
the large amounts of coproducts was required, and processes involving the use of 
hydroperoxides required equimolar or greater amounts of high-cost hydroperoxides, 
posing problems of economy- 
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[0005 ] 

It was therefore desirable to develop a highly selective method for 
manufacturing epoxy compounds, which would not produce co-produczs and would not 
entail the use of high-cost hydroperoxides as starting materials. 

[00061 

f Means Used to Solve the Above-Mentioned Problems ) 

As a result of painstaking research concerning the above, the inventors 
covered that by bringing about a reacuon of propylene, hydrogen, and oxygen using 
a catalyst comprising a Group VTH metal from the periodic table and a "J-*- 
utanosLa*. propylene oxide could be obtained with high selectivicy, and thus amved 
at the present invention. 

1 0007 'specified, the oresent invention off™ a method for matrufasntrin, propylene 
oxide, which is characterized by the to tot a reaction of propylene. 

Myera a broush. about using a caalyst comprising a Group vm metal from to 
periodic table and a crystalline dtaaosilicate. 

1 0008 '-The medrod which pemins to the present invention will be described in fbrfter 
detail below. 

1 0009 L the method which parted* to the present invendon. a catelyst 

Group vm metel front dte periodic able and a ery*slUne nQn o^ =a ^Tbe 
iBBOsUi «re referred . here is obtefcei by substitution of a pomon of the ataon 
which forms dte crystal lattice of 'SUtalto' (crysmiline SiO, hav»g a r»bte 
s£L develop by E. M. *a»g«n (Nature. 27!. 512 (W-*^ 
dtenium. ^ titaaotilica. may be syntosrzed by any ^1 
synthesis la diacloaed in Japanese Laid^pen Patent ^heanon ^^^^ 

• -ij may be defined as the srlica/ntaara ratio 

oftitardurocontairredmsaidntaaosutateniayoeoenneo u-^jaaium 

(molar), and said silica/titajda ratio should be a value of 5to20Q. 
LJ is .00 low the activity of to cmnlyst will be inherent; 
hi^todonosiUcatecrysolsttuc.u^wmrupnae. Components of to rotate 

m not restricted to titanium: one or more additional elements such as boron. 
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aluminum, phosphorus, vanadium, chromium, manganese, iron, gallium, or zirconium 
may also be contained therein without ill effect. 

[ 0010 ] 

The prepared tianosilicate may be used without modification, or molded. It is 
common to use a binder when preparing a molded form; there are no restrictions 
regarding the type of binder, which may be silica, alumina, or the like. 

( 0011] 

In the method which pertains to the present invention, a catalyst comprising a 
Group vm meal from the periodic table and a crystalline titanosilicate is used, and 
any of the Group VTH metals may be used as the above-mentioned Group Vm metal. 
Typical examples include palladium, platinum, iridium, rhodium, ruthenium, and the 
like; palladium is particularly desirable. The Group vm metal may be supported on ^ 
the crystalline dtanosilicate. or first supporte d on silica, alum ina, activated carbon or 
the and then physically mixed with the htanosilicatc. There are no particular 
restrictions regarding the starting material to be supported when supporting a Group 
vm meal; examples include paiIadium(lD chloride. tettaamminepailadium(ID 
chloride, and palladium ^TI) acetate when palladium is used. There are no restrictions 
regarding the method for supporting these metals on the titanosilicate: an immersion 
method or the like may be used. 

[ 0012 ] 

The periodic table Group VTH meal content, with respect to the titanosilicate, 
should be 0.1 to 10 wt% as meal atoms. Efficacy will be diminished if the content 
falls below 0.1 wt%, and amounts in excess of 10 wt& are undesirable from an 
economic standpoint. When the periodic able Group VTH metal is supported on 
titanosilicate using an immersion process, the catalyst may be baked and/or reduced 
prior to use. Baking may be performed under a stream of an inert gas or an oxygen- 
containing gas. There are no particular restrictions regarding baking temperature and 
duration, but baking at 100 to 70Q*C for 30 minutes to 24 hours is satisfactory. When 
reduction is performed, there are no particular restrictions regarding the reducing agent 
or the reduction temperature and duration as long as the meal component is reduced; 
reduction at room temperature to 500°C for 30 minutes to 24 hours using hydrogen as 
a reducing agent is satisfactory. 
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to use in reactions. 



C 0014 1 , . m ,« h « used when brining about a reaction. Polar 

If necessary, a solvent may be used when oroung 
solvents such as water, alcohols having a carbon number of 6 or less, ketones, glycols, 
and carboxylic acids may be used as solvents. 

1 0015 L reaction process .ay be of a continuous flow, semi-batch, or batch type; a 
continuous flow process is preferable front a producdvity standpomt. 

l00161 ^ riDn ^oeratuxe should be 0 to 150'C, and preferably lOtolOO'C. If 
TTte reaction temperature snouic ^ point of said 

a .ivent is to be used ^^^^^ ^ particular 
solvent, the reaction may be M*"* ^ ^ of 

restrictions regarding the reaction pressure, but it is onumauy 
normal pressure to 200 atmospheres. 

[ 0017 1 /«veen is used as one of 

ta the netted which poaa. to the present mvcnuoa 

such as air. 

t 0018 1 . . ^-lin- the amounts of the several starting 

That are no particular restrictions regarding to© amount 

. , w r» —xwre of! 10 to 50 vol* propylene <CjB«), 5 to 
rr^ contained* the gas for eLpie, « possible. 

40 vol% hydrogen (Hi), and 5 to 50 vol* oxygen ^. » 
From the standpoint of safety, it is desirable for the conned — 
starting matenais to be outside of the explosive range, ^e gasj may be diluted 

an men gas such as hydrogen. 

? 
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[0019] 

The amount of the catalyst used in the reaction may be determined on the baas 
of the ratio (molar) of the titanium within the titanosilicate to one of the starting 
materials, propylene, that is supplied per unii of time; it is desirable to use an amount 
of the caralyst such that the titanium/propyiene ratio is 0.00001 to 0. 1. f/\ e " / 

[0020] 

The time required for the reaction may be determined on the basis of the gas 
[hourly] space velocity (the total volume of the CjHs, H2, Oz, and inert gas per 
hour/unit of catalyst volume: hereinafter abbreviated as GHSV). A GHSV of 2000 to 
40,000 hr* (2Q°Q is satisfactory. 

[0021] 

[ Merits of the Invention ] 

In the present invention, it is possible to obtain propylene oxide with high 
selectivity, without coproducts, and without the use of high-cost hydroperoxides by 
means of brining about a reaction of propylene, hydrogen, and oxygen using a catalyst 
comprising a Group VTH metal from the periodic table and a crystalline titanosilicate, 
and the invention is therefore highly significant to industry. 

[0022] 

[ Practical Examples ] 

The present invention will be described in further detail below through practical 
examples; however, these are intended merely to describe the present invention, which 
is not limited to these practical examples. 

Practical Example 1 

A titanosilicate having a silica/ titania ratio of 67 (as determined by ICP 
spectrometry) was prepared according to the method in Japanese Laid-Open Patent 
Application 56-96720, and a tetraamnimepaUadlum(II) chloride solution added until the 
weight of the palladium atoms reached 0.5 wt% with respect to the titanosilicate. The 
mixture was mixed by stirring for one hour, evaporated to dryness, and reduced at 
150°C under a dilute 5% hydrogen gas flow for one hour to yield a catalyst. 
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[00231 ^ fto w reaction device was used for 

* normal pressure. Uquia phase, conwi 

the reaction. ^ 

L0 g of the catalyst ^was ^ ^ anted * 

and Oi supplied thereto at 60. 40. ™ a ™ d temperature was 45 C. 

It sTthat GHSV wasJO ^ 

[00251 ., bveas chromatography. Results over a 

The reason product *as are sho^ in i. 

pericd from initiauon of the ^ to jjXtuuation of the reacdon was 98.6% 
Wiry of the products at the nf* hour ^ A C ,»r> 

for xylene o^de and 1.4% for propane ^ ^ ^ 

[00261 

Pracdcai Examples 2 and 3 ^ tf m Example!, 

a^oons were ^^^^^ amounts of 60, 80, and 40 
with the excepnon that C*. ^£°£*ZT**" rive hours after initiation of 
^oi/hr and 60. 40 and 80 mmol/hr respectrveiy. 
the reacdons are shown in Table i- 

[00271 
[ Table il 



I Practical 
| Example 2 



Pracmai 
Example 3_ 

''Propylene o»de 



Spring M 21 *" 311 ^ 

i ^mmoi/hf) J 


po»> 


60 




0.67 


60 


! 40 I SO | 


1.83 



Selectivity (*) 
8.0 
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MoU Examples 4 and 5 ^ ^ ^ Example 1. 

Racnons were brought about by the P (M) wirh 

wi* the exception U»t catalyst. * * P^ RestUuftve 

hours after initiation of the reactions are » 

[00281 
[Table2] 



<*> 


PO»> 

(flUXKjl) 


Seiecti 
PO> 


vity(%) J 
C,H 9 "1 


Practical 2 
Fsampte * — ■ 


0.45 


991 


0.9 


Practical 5 
Example 5 j 


0.37 


>99.9 





^Propylene oxide 



Practical Examples 6 through 9 oroc edure as in Practical Example 1, 

Reactions were brought WlJ.-^ rf 33^^, the 
with the exception that a utanos*cate havuig a *** were ^ at 25 , 

^osilicate snorting of the rations are 

45, 65, and 82'C respectively. Results five noun a™* 

shown in Table 3. 
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[00291 
[ Tabic 3 ] 




»>P«>pyiene owdft 



Practical Exampie 10 „ ^ Practical Example 1, 

uanosrtea* supple the palladium, and wale. ^ -* obHincd . 

Selectivity of the pre*** » *» ^ hror " flEr " 
for propylene oxide and 0.2S for propane. 

[0030] 

Practical Eumples 11 and U ™^„ ra asm Practical Sample 1, 

Reactions were brooch, a** by <he T^ST.^d-* ratio of 13 
. ^duheeaccpdon ^^^^"f^^J^T^ resp«c*dy, 
s-ipon-f «. n*als palladium a»d plating jje shown in Table*, 

wereused. Resuha five hounateimttaBOn of the reactions a« 
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[0031 ] 
[ Table 4 j 





SupponaJ 


PO*> 


Setectivicy (%) 


I 1 


Metal 


(nuzjol) 


po»> ! 


C3H 8 i 


i Practical 
] Example 1 1 


?d 


3.72 


99.8 


0.2 


Practical 
i Example 12 ' 


Pi- 


1.25 


98.8 


1.2 



^Ptopyiene oxide 



( ft*- hr 



Practical Example 13 

A reaction was brought about by the same procedure as in Practical Example 1, 
with the exception that a pulverized mixture of 1 g of a 0.5 wtft paUadium-supportiitg 
aclivaLeti carbon catalvst (manufactured by Ninon Engelhard) reduced with hydrogen 
for one hour at 150-C and 1 g of a titanostticate having a silica/titania ratio of 33 was 
used as the catalyst. Five hours after initiation of the reaction, 1.36 mmol propylene 
oxide was obtained. Selectivity of the products at the fifth hour after initiation of the 
reaction was 99.83 for propylene oxide and 0.2% for propane. 

[ Brief Description of the Figures J 
[Figure 1] 

Figure 1 shows a graph describing the relationship between elapsed time and 
propylene oxide production in the propylene epoxidation process of Practical Example 

1. 
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[ Figure i ] 
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